been inconsistent reports of increased rates for specific cancers including kidney cancer, malignant melanoma, central nervous system (CNS) and brain cancer, and cancers of the haematopoietic and lymphatic systems.9 The International Agency for Research on Cancer (IARC) recently reviewed epidemiological studies of refinery workers10 and classified the refinery environment as 2A, probably carcinogenic to human subjects. This assessment was based primarily on interpretation by IARC of the evidence that leukaemia and malignant melanoma rates are higher than expected among refinery workers. A recent academic review of studies on refinery workers9 reached a different conclusion than IARC, judging the evidence to be insufficient to conclude that the refinery environment was probably carcinogenic to workers.
The 1970-7 Exxon cohort study'2 had standardised mortality ratios (SMRs) less than 100 for most causes of death except for non-significant excesses in cancers of the kidney and CNS and brain. At one of the three study locations, the Baton Rouge plant, there was an excess of pancreatic cancer. This result was further evaluated by Louisiana State University investigators studying increased pancreatic cancer rates in Louisiana. Thus far, published findings have suggested associations with lifestyle, including Cajun ancestry, moderate cigarette smoking, and consumption of pork products and rice." Raised SMRs for digestive organ and respiratory site cancers in the New Jersey plants (Bayway and Bayonne), based on United States rates, were further evaluated using state and local county rates to calculate expected numbers. The observed and expected numbers were equivalent using these rates, suggesting that the increased rates in New Jersey as compared with the total United States rates were responsible for these excesses.
With the previous background, the present follow up study was planned to update mortality for this cohort. This report is particularly timely in the light of the recent IARC review and the rising public concern about potential occupational hazards. 1800s (Bayonne) or early 1900s. Early technology such as shell stills or thermal cracking coils were replaced before or during the 1940s and 1950s with modern processes such as pipestills, catalytic cracking, alkylation, and catalytic reforming. Baytown and Baton Rouge produce a wide range of motor oils and other lubricants using deasphalting, dewaxing, and extraction. Baytown, and to a lesser extent Baton Rouge, also produce a wide range of petroleum solvents and other specialty products using fractionation, extraction, and hydrofinishing. During the second world war Baytown was a major producer of high test aviation fuel and toluene for explosives (TNT), and both Baytown and Baton Rouge produced raw materials for synthetic rubber.
All three refineries produce a full range of fuel products, using essentially the same type of processes. Because Baytown and Bayway have used higher sulphur and heavier crude oils longer, they began installing desulphurisation processes earlier.
Baton Rouge has used coking to produce electrode grade coke since about the 1960s. Baytown did not install coking until the 1980s, and Bayway historically has sold the heavy crude fractions as residual fuel oil.
The three petrochemical plants included in this study were similar in terms oftheir mode ofoperation and degree of exposure control but different in size and products. The Baton Rouge chemical plant is the largest of the three and starts with various gas and liquid cracking units and a partial oxidation unit to produce olefins and other intermediates. These are used to manufacture phthalic anhydride, alcohols, isopropanol, neoacids and aromatic compounds. The plant also includes facilities for making synthetic rubber. The Baytown chemical plant, which is smaller than Baton Rouge, emphasised the extraction of aromatic compounds (such as benzene, toluene, and xylene), the production of butyl rubber, polypropylene, cyclohexane, butadiene, isobutylene, and linear paraffins. The Bayway chemical plant near Linden, New Jersey, is the smallest of the three. At the time of the study it produced various motor oil additives, some ketones, and a low molecular weight polymer.
Materials and methods

COHORT DEFINITION
The study population included all regular employees with at least one month service at the Baton Rouge, Louisiana, Baytown (table 1) .
The study population included 19 083 employees who were active for at least one month during the study period and 6238 retirees who were still alive at 1 January 1970. At the end of the observation period 39-6% (n = 10 032) ofthe total cohort were alive and still employed; another 1-7% (n = 422) died while employed. Forty seven per cent (n = 11 973) had retired before or during the study period (fig 1) .
Employees who had terminated employment before reaching retirement age accounted for 11-4% (n = 2895) of the study population. Only 1-7% (n = 429) of the total population were lost to follow up (table 1) . Ninety four per cent of this group were less than 40 years old at last observation. Seventy two per cent had worked less than five years; 92-3% had worked less than 10 years.
The total study population comprised 82% white men, 10% black men, 8% white women, and 1% black women. The study population had a bimodal age distribution with peaks in the 30-39 (24%) and 70 or older (28%) age groups at last observation. Roughly 48% of the population had worked for Exxon for 25 years or more. Twenty six per cent were hired before 1940, and 24-5% began employment between 1940 and 1949. Twenty per cent were hired tIncludes 150 employees who worked at more than one of the three plants. (1 7%) during the original eight year observation period and 14% of the cohort were hired during the five year update period.
Over the 1970-82 study period, there was a total of 5199 deaths, of which 1995 occurred during the update period. The 5199 deaths were evenly distributed by year from 1970-82. Seventy three per cent of all the deaths were pre-1970 retirees and 18% were persons who retired during the study period.
Death certificates were available for all but five (0-1 %) of the known deaths. These five deaths were included in the SMRs for all causes combined but were not apportioned to specific cause of death categories.
Blue collar workers accounted for around two thirds of the workforce at each of the three plants. One per cent of the workers at Baton Rouge and Bayway/Bayonne and 4% at Baytown had missing work histories.
Smoking state was determined for 70% of the 1970-7 study population, from medical record data ( fig 2) . No additional data were collected for those who entered the cohort after 1977. For the total 1970-82 population, among those with known smoking histories, 44% were or had been smokers including 32% smokers among white collar workers and 50% among blue collar workers. Tables 3 and 4 show the SMRs for white collar and blue collar workers categorised as smokers, nonsmokers, and unknown smokers. In these and subsequent tables, the analyses focused on cancer sites that showed increases in previous petrochemical studies. for all blue collar workers and for known smokers.
MORTALITY ANALYSES: TOTAL STUDY POPULATION
Baton Rouge Table 5 shows selected SMRs for men The SMRs for non-smokers and those with un- (SMR = 180, 95% CI 105-288). All of the deaths for blue collar workers were in subjects with at least 30 years latency. Most of the pancreatic deaths also occurred in workers with at least 30 years of employment, which resulted in a significantly increased SMR (SMR = 190, 95% CI 120-285).
For the deaths from leukaemia, there was a significant increase only in men hired during the 1940s (SMR = 210,95% CI 112-359). There was no trend by age at hire. Most of the deaths from leukaemia occurred in men with at least 30 years latency (n = 17) and 20 or more years duration of employment (n = 16), but the corresponding SMRs were not significant. Table 7 lists the ICD-8 classification for the 23 leukaemia deaths in Baton Rouge. Six of the 23 leukaemia deaths were classified as acute myelogenous leukaemia (AML). Focusing on the subgroup of blue collar workers who were hired in the 1940s, two of the 13 leukaemia deaths were AMLs.
Baytown Attention at the Baytown refinery and chemical plant focused on the one cancer found to be somewhat increased for the total plant populationnamely, brain/CNS cancer. Also, the category of benign neoplasms was reviewed as many of these tumours involved the CNS. For Baytown men nonsignificant increases in brain/CNS cancer and benign neoplasm SMRs occurred in blue and white collar smokers and non-smokers, but these were based on small numbers. Mortality from benign neoplasms was increased in white collar more than in blue collar workers.
Due to the small number of brain cancers in Baytown blue collar men (n = 10), the SMRs by latency and duration are somewhat unstable. The SMRs were raised for all three employment year groups, but somewhat more so for those employed during 1940-9 (SMR = 210, 95% CI 77-457). Seven of the 10 cases were 20-29 years old when hired and three were 30 or more years old. All the latency groups had increased SMRs, but most of the cases had 30 or more years of latency (n = 6). Laboratory workers In one analysis, SMRs for laboratory workers were considered separately from white collar workers. There were very few deaths in this group (n = 49) and no significant mortality excesses.
Discussion Evaluation of death rates for our study population showed these to be lower than expected based on state mortality for all causes of death, all cancers, and respiratory diseases. These results are consistent with findings from other historical cohort studies of refinery and petrochemical workers. ' The inclusion of a large group of retirees and older employees in this cohort differs somewhat from other petrochemical populations which have tended to include a high percentage of younger active and terminated workers. Accordingly, a strength of this study is that it allows for the detailed examination of mortality among long term workers with extremely long latency periods. One limitation is that data were not available for retired workers who died before 1 January 1970. Their inclusion may have contributed additional information, but we do not believe that the lack of this information compromises the validity of the data that were collected and analysed.
It is difficult to interpret differences in mortality among the three refinery petrochemical complexes based on what we know about the histories of the plants. The significant increase in kidney cancer in the Baton Rouge population is of interest. Concern about kidney cancer among refinery populations stemmed from the results ofa toxicological study that exposed rats to wholly vapourised unleaded petroleum. The study found a dose related incidence of kidney tumours among male rats, but not among female rats.'7 Epidemiological studies of kidney cancer among refinery workers have been largely negative. One exception was the Exxon 1970-7 cohort study of refinery and chemical plant workers. In this study, rates for kidney cancer were increased at each ofthe three plant locations. Eighteen ofthe 22 cases were in the subpopulation of operators, mechanics, and labourers, giving a directly adjusted mortality of 1 6 per 10 000 person-years compared with the United States rate of 1 -L2 The increase was not statistically significant. With the additional five years ofdata, the excess appears to have become more prominent at Baton Rouge, exclusively among blue collar workers, and to have diminished at Bayway/ Bayonne and Baytown. The only other study with an excess ofkidney cancer was a United Kingdom study of distribution workers, which showed a slight kidney cancer excess concentrated among lorry drivers. '8 Mortality from kidney cancer by smoking state for blue collar workers showed increases in smokers, non-smokers, and those with unknown smoking histories, but was most pronounced among known smokers. Fourteen of the 18 deaths were known smokers and two had smoking unknown. As none of the deaths from kidney cancer were in the white collar workers, it was not possible to separate the effects of smoking from the effects of potential workplace exposure.
Because smoking is a risk factor for kidney cancer in the general population, proper control for smoking would involve calculating SMRs for Exxon smokers and non-smokers v death rates from kidney cancer for the respective general population groups. As smoking specific rates are not available for the general population, however, comparisons with rates for the general population include a mixture of smokers and non-smokers in the comparison group. Therefore, SMRs for Exxon smokers are overestimated and SMRs for non-smokers are underestimated for any disease that is related to smoking. Even though the SMRs in blue collar non-smokers and unknown smokers are based on extremely small numbers, the fact that the SMRs are increased in all three subgroups argues against smoking as an explanation for the raised SMR for kidney cancer. The smoking analyses are further limited by the crudeness of the smoking data, specifically the lack of information regarding the amount smoked, the type of cigarettes, or changes in smoking habits over time.
The raised SMRs for kidney cancer in men hired during the 1940s and in men 30 or more years old at the time of hire, suggests that there could have been unique service or other occupational influences during the war years. We have no information to evaluate this further.
The 
